To evaluate the biological effect of ceramic fibres on the clearance fiction of alveolar macrophages (AMs) morphological changes and phagocytic activity of AMs were assessed. Rats were exposed to respirable ceramic fibres with a mass median aerodynamic diameter of 4*4 am and a concentration of 20'1 mglm3 in an exposure chamber. They were killed after one week (group A) and two weeks (group B) of exposure, and four weeks (group C) and 12 weeks (group D) after exposure for two weeks. The AMs recovered by bronchoalveolar savage (BAL) from each test group were incubated with yeast and phagocytic activity was determined by counting the number of yeast cells in AMs. Morphological features of AMs were assessed by scanning electron microscopy and quantified according to morphological changes. Total cell counts in BAL fluid from exposed rats in group A were higher than in control rats. Phagocytic activity of exposed AMs in group B and C exceeded that of control AMs. Morphological changes of the exposed AMs in groups A, B, and C were greater than those of control AMs. These findings suggest that ceramic fibres induced the phagocytic activity and morphological changes in AMs, and that the clearance function of AMs was stimulated by the inhaled ceramic fibres.
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Occupational and environmental exposure to inhaled asbestos dust is thought to produce both pulmonary fibrosis and neoplasia. Alveolar macrophages (AMs) play an important part in maintaining the sterility of the lung by phagocytosis and hence removal of the inhaled particles.8 Because the deposition of mineral fibres in the lung is involved in producing pulmonary fibrosis and neoplasms,9 we have studied the clearance of mineral fibres by AMs. Investigation of macrophage morphology and phagocytosis is essential to understand the mechanisms of clearance of inhaled particles.
To evaluate the effects of ceramic fibres on the clearance function of AMs, we conducted an inhalation exposure study of ceramic fibres in rats and evaluated the morphological and phagocytic changes in AMs after periods of exposure and recovery.
Materials and methods

ANIMALS
Male Wistar rats (nine weeks old) were studied. They were kept in a chamber and observed for four to five days before the experiment.
FIBRES
The ceramic fibres (alumina silicate refractory fibres) used in the present study were made by Nippon Steel Chemical Co (Kitakyushu, Japan). Bulk ceramic fibres were disintegrated three times with an ultracentrifugal mill (Retch Co, Germany) to obtain particles for exposure. Figure 2 shows the experimental protocol. Rats were exposed to dust clouds of 20 1 mg/M3 in the inhalation chamber for six hours daily five days a week for a maximum of two weeks. Groups A and B were removed from the chamber and killed for study after one and two weeks exposure. Groups C and D were removed after exposure for two weeks and killed after recovery of four and 12 weeks. Rats were divided into exposed (n = 5) and control (n = 5) groups in each exposure and clearance condition. 
Results
TOTAL AND DIFFERENTIAL CELL COUNTS IN BAL FLUID
Total cell count in the exposed rats was significantly increased at group A. Differences between the exposed and control rats in groups B, C, and D, were not statistically significant. There were no significant differences in the differential cell counts of the exposed v control rats at any time. The AMs predominated in both groups ( fig 4, table 2 ). Once inside the phagocyte, the particle may remain static until events result in migration of the cell toward an exit from the lung. Subsequently, the AMs enter the bronchial surface to leave the lung through the tracheobronchial mucociliary escalator.8 Figure 7 shows that the AMs that tried to phagocytise the fibres were transfixed by the ceramic fibre. It is difficult for AMs to transfer ceramic fibres longer than their own diameter. - '4 Long fibres that were partially engulfed by AMs had dissolved more extensively than those that lay free.'5 Phagocytosis seems to contribute to the solubility of mineral fibres. Disolution of mineral fibres by the AMs may be-related to their proteolytic enzymes and low pH.
We evaluated the phagocytosis of yeast particles by AMs in this study. Warheit and Hartsky indicated that chrysotile asbestos depressed the phagocytic capacity of AMs. '6 We found, however, that the AMs exposed to ceramic fibres had an increased phagocytic activity at two weeks of exposure and at four weeks of recovery time. Therefore, the activa- Table 2 Mean total cell count, phagocytosis, and scanning electron microscope score between control (C) and exposed (E) groups evaluate AM shape, showed morphological changes. The surface of AMs exposed to ceramic fibres showed a plate like appearance compared with the unexposed AMs after exposure for one and two weeks, and after recovery for four weeks.
Donaldson et al reported that, on light microscopical examination, AMs exposed to chrysotile showed more spreading activity during exposure periods and recovery time. 18 Our findings are in agreement. Figure 7 shows that AMs spread to cover the ceramic fibres. Parakkal et al have reported that filopodia attached to the particle subsequently became confluent to form a continuous membrane that enveloped the particle and eventually engulfed it.'9 Therefore, a morphological change-for example by a thin membrane-may contribute to clearance of ceramic fibres, especially those shorter than the diameter of AMs.
The changes in phagocytosis and morphology of the AMs exposed to ceramic fibres did not significantly exceed those of control AMs after a period of 12 weeks of recovery after exposure. This shows that the clearance function of AMs did not change continuously through the periods of exposure and recovery. It was reported that chrysotile or silica, which are known to cause fibrosis, changed the spreading of AMs during both the exposure and recovery periods.'8 The low response of AMs to ceramic fibres suggests that ceramic fibres possess a lower cytotoxicity than chrysotile or silica.
In summary, we evaluated the clearance function of AMs to inhaled ceramic fibres in rats. These fibres induced phagocytic activity and morphological changes in the alveolar macrophages. Whereas it was suggested that the clearance function of AMs was stimulated by the inhaled ceramic fibres, this function was not continuously changed throughout the periods of exposure and recovery. Further investigation with this method is required to evaluate the effects of long term exposure.
